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Abstract: A probabilistic back analysis method(B-MSVM method) based on Bayes theory was established on the
basis of improved multi-output support vector machine(MSVM) algorithm, which is a supplement method for the
probabilistic inverse analysis methods including multi-objective variables and multi-parameter outputs. In the
proposed method, the relationships between the multiple rock mass parameters and multi-objective variables were
demonstrated by improved support vector machine algorithm. Using the relaxation depth and surface deformation
caused by step-by-step excavation of the typical monitoring locations as input data and taking several mechanical

parameters of slope rock mass as the outputs for reverse analysis, the values of the back analyzed parameters and
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the indeterminate dynamic characterization under multiple excavation conditions can be obtained through

selecting the proper kernel function. The parameters of the dam foundation slope of Baihetan hydropower station

were analyzed in reverse with this method, and the values and uncertainty distributions of ten uncorrelated

parameters were obtained. The corresponding displacements and relaxation depths of the typical monitoring

locations were calculated based on the back analysis parameters and compared with the measured values. The

application of this method in back analysis for related parameters was also discussed briefly. The study provides

an idea for the establishment of probabilistic back analysis method of geotechnical engineering parameters, and

has important theoretical significance and engineering practical value.

Key words: rock mechanics; the Baihetan hydropower station; rock slope; relaxation depth; support vector

machine(SVM); Bayesian theory; probabilistic back analysis
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Fig.2 Typical geological profile of the dam foundation slope
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Table 1 Lithologic features of slope rock mass
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Table 2 Main physico-mechanical parameters of rock

determined by field and laboratory tests

Bt aﬁéé% Wfﬁ? g AL
12§ 28 37.22 0.23 95~110
2% 27~28 32.70 0.25 70~95
IS 26 30.33 0.27 55~70
v 25 27.58 0.31 30.55
VS 22 20.52 0.35 -

VSRR, W R AR 1 28225 R A B
BB RIS R, BARPUEIER 3 FoR.

R3 WR LT A SRS HER

Table 3 Physico-mechanical parameters of structural surfaces
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Table 4 Horizontal displacement increment and relaxation

depth at different excavation steps

. B2 B 2 FATBIRRE IR
FfEm g n i) cl c2
640 1.8 49 38 13 11
635 45 72 46 15 1.2
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Table 5 Training samples with different geo-mechanical parameters and calculated values
. FVERCE E/GPa Fi% 71 c/MPa I RAZ TR A S EH v A
Y 1% mz  mk 1wk VvV 1% mz  mk 1wk Vv ) 12 J3 Cl c2
1 23.19 16.46 7.87 3.83 1.60 1.26 0.98 0.77 0.67 0.11 4.68 4.27 5.89 1.59 1.45
2 23.18 15.66 7.48 3.94 1.61 1.65 0.64 0.96 0.32 0.16 4.34 8.14 5.99 1.52 1.30
3 23.03 16.26 7.95 3.60 1.52 0.92 1.44 0.73 0.59 0.12 4.61 6.26 2.57 221 1.37
4 23.60 15.87 7.81 4.06 1.70 1.40 0.93 0.70 0.65 0.12 4.58 7.36 5.58 2.17 1.05

5 23.36 16.33 7.56 3.92 1.51 1.05 1.14

6 23.27 16.66 8.30 3.27 1.48 1.02 1.03
7 23.81 16.17 8.26 3.45 1.91 1.00 1.08
8 23.06 16.08 8.00 3.51 1.81 0.98 1.01
9 23.38 16.66 7.92 3.70 1.60 1.31 0.86
10 23.26 16.58 7.46 3.60 1.58 1.47 0.84

48 23.39 16.31 7.82 3.91 1.57 1.44 1.33

49 23.45 15.65 7.75 3.85 1.65 1.36 0.73

50 23.43 15.75 7.64 3.59 1.54 1.95 1.53

0.72 0.68 0.08 5.41 6.46 5.38 1.78 1.56

0.62 0.39 0.13 4.46 8.92 5.24 1.80 1.03

0.85 0.39 0.08 5.24 7.98 1.16 1.64 1.13

0.80 0.56 0.12 4.95 6.56 3.89 1.03 1.31

0.88 0.48 0.12 4.65 8.06 5.13 1.70 0.98

0.74 0.40 0.11 4.71 8.49 3.38 1.59 1.10

0.80 0.44 0.16 4.17 4.17 4.48 1.52 1.11

1.00 0.42 0.12 3.71 6.72 422 1.45 1.62

0.89 0.62 0.13 423 6.26 451 2.05 0.97

e RPRBAH N 1~ MARTE RN mm, PRI A C1, C2 ARTBHEAA m, TR,
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Table 6 Parameters comparison of deterministic analysis and the probabilitic analysis

FAPERIE E/GPa

F%J) c/MPa

_—

e 1% JIES JIES IWES \ES 12 I 2% 11 2% IV 2% \ES
WITHZH 22.00 14.50 11.5 4.50 2.00 1.50 1.10 0.85 0.50 0.125
— K H 23.29 16.24 8.0 3.60 1.63 1.40 1.04 0.84 0.60 0.110
ZUE 22.93 16.11 8.0 4.53 1.54 1.30 1.01 0.70 0.47 0.050
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